Younger gerbils have been found to be more resistant than adults to cerebral infarction after carotid ligation. In this study, the perfused cerebral area after bilateral common carotid occlusion was evaluated in in fant, young, and adult Mongolian gerbils by the carbon black perfusion method to assess the existence and sig nificance of collateral blood vessels between the verte brobasilar and carotid circulations. Nineteen gerbils were divided into three groups (i.e., infant, young and adult gerbils aged 3-4, 5-7, and 10-17 weeks, respectively).
Summary: Younger gerbils have been found to be more resistant than adults to cerebral infarction after carotid ligation. In this study, the perfused cerebral area after bilateral common carotid occlusion was evaluated in in fant, young, and adult Mongolian gerbils by the carbon black perfusion method to assess the existence and sig nificance of collateral blood vessels between the verte brobasilar and carotid circulations. Nineteen gerbils were divided into three groups (i.e., infant, young and adult gerbils aged 3-4, 5-7, and 10-17 weeks, respectively).
After bilateral common carotid artery occlusion, carbon black was injected directly into the left ventricle by car diac puncture through the closed thorax. In five of eight infant gerbils, the whole brain was perfused by carbon black, while in the remaining three, only the cerebellum
The Mongolian gerbil (Meriones unguiculatus) is a valuable, small laboratory animal widely used in the study of cerebrovascular disease (Osburne and Halsey, 1975; McGraw et ai., 1976; Crockard et ai., 1980; Hosobuchi and Baskin, 1982) . Many investi gators (Levine and Sohn, 1969; Kahn, 1972; Har rison et ai., 1973; Berry et ai., 1975; Ito et ai., 1975; Schonfeld and Glick, 1979) 
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and brainstem were stained well, and marked bilateral cerebral pallor was observed. On the other hand, carbon black did not perfuse the brain region supplied by the carotid arteries, both in young and adult gerbils (II ani mals in total). These results suggest that infant gerbils might have a more highly developed network of collateral blood vessels between the vertebrobasilar and carotid cir culations, and the existence of such a significant network might be the basis for the fact that infant gerbils are re sistant to cerebral infarction following carotid ligation. We propose that gerbils should be used as a stroke model only when they are 5 weeks old or older. Key Words: Age-Carbon black-Cardiac puncture-Cerebral blood flow-Cerebral ischemia-Mongolian gerbil.
terial systems (Levine and Sohn, 1969; Kahn, 1972; Harrison et aI., 1973) .
On the other hand, infant or young gerbils have been found to be resistant to cerebral infarction fol lowing common carotid ligation (Levine and Sohn, 1969; Payan and Conard, 1977; Jarrott and Domer, 1980) . It is conceivable that younger gerbils have a more highly developed network of collateral blood vessels between the vertebrobasilar and carotid ar terial systems. However, in none of the previous studies were observations made of the perfused brain area following common carotid artery occlusion in infant and young gerbils. Because of its smaller size, it was difficult to investigate the perfused area by the previous method (Kahn, 1972; Harrison et ai., 1973 Harrison et ai., , 1975 , in which carbon black or colored dye was if1iected intravenously. We therefore if1iected carbon black directly into the left ventricle by car diac puncture through the closed thorax, elimi nating the need for cannulation of the vein.
In an attempt to assess the existence and signif icance of collateral blood vessels between the ver-tebrobasilar and carotid circulation, the cerebral area perfused after bilateral common carotid artery li gation was evaluated in infant, young, and adult Mongolian gerbils, with the carbon black perfusion technique mentioned above.
MATERIALS AND METHODS
A total of 19 Mongolian gerbils of both sexes and varying in body weight and age were arbitrarily divided into three groups: infants, young, and adults, aged 3-4, 5-7, and 10:-17 weeks, respectively (Table 1) . Carbon black (Bo kusai, Fueki, Tokyo, Japan), filtered two times through no. 5 Whatman filter paper, was used to identify the re gions of impaired vascular perfusion in the brain.
All animals were lightly anesthetized with ketamine hy drochloride (Ketalar, 50 mg/kg i.p.) and placed in the su pine position. An anterior midline cervical incision was made, and both common carotid arteries were exposed, dissected free of accompanying structures, especially nerves and jugular vein, and looped with silk sutures. As the gerbil emerged from the anesthetic, the carotid ar teries were doubly ligated and transected between the ligatures. Cardiac puncture through the closed thorax was then performed for the injection of carbon black, using a 30-gauge needle fixed to the tip of a polyethylene tube (PE-1O; 0.28 x 0.61 mm diameter; Clay Adams, Parsippany, NJ) filled with diluted heparinized saline (50 IVlml), as reported previously for microsphere injection (Matsu moto et at., 1982) . Five minutes after bilateral common carotid ligation, 1.5 mll100 g body weight of carbon bliick suspension was injected over about 1 min into the left ventricle through the needle inserted in the left ventric ular apex. After a further minute of circulation, the an imal was killed by decapitation, and the brain was re moved into 10% formalin prior to macroscopic exami nation. Following formalin fixation of the whole brain for 48 h, it was cut into 10 coronal blocks according to the method of Loskota et at. (1974) . The brain area perfused by carbon black was determined on the cut surface of each brain under a dissecting microscope. With respect to carbon black staining, the following degrees or grades were established: 0, none; 1, light; 2, moderate; 3, dark.
We also asses!)ed preliminarily the validity of the car diac puncture method for in vivo carbon black perfusion in seven gerbils without carotid ligation. Carbon black was injected into the left ventricle in three gerbils, and into the femoral vein in the remaining four. In all the animals, fairly uniform brain staining was observed, and there was no significant difference between results ob tained with the cardiac puncture technique and those ob tained with the intravenous injection method. In addition, no detectable changes were observed either in respiration or heart rate during carbon black perfusion via the left ventricle. 
RESULTS
In five of eight infant gerbils, carbon black stained the cerebral surface despite bilateral common ca rotid occlusion during the carbon black circulation, and of these animals, three showed fairly uniform staining (Fig. IA) , and the remaining two showed patchy areas of comparative pallor in the unilateral cerebral hemisphere (Fig. IB) . Only three of the eight animals demonstrated marked bilateral cere bral pallor (Fig. Ie) . On the other hand, carbon black did not perfuse the cerebral surfaces in both young and adult gerbils. The cerebellar and brain- stem surfaces were equally well stained in all ani mals.
As summarized in Ta ble 2, observation of the cut surfaces under a dissecting microscope clearly re vealed the incidence and degree of carbon black staining in each brain region of infant, young, and adult gerbils. In five infant gerbils that showed carbon black staining of the cerebral surface, three showed total cerebral staining ( Fig. 2A) , and two showed nonperfused areas in the unilateral cerebral cortex, striatum, and hippocampus (Fig. 2B) . In three infant gerbils that demonstrated marked bi lateral cerebral pallor (except one showing light staining of the striatum and hippocampus), the per fused brain regions were almost the same as those in young and adult gerbils. In these animals, only the brain regions of the vertebrobasilar arterial system-the pons-medulla oblongata, cerebellum, midbrain, and a part of the diencephalon-were perfused with carbon black (Fig. 2C) .
DISCUSSION
Since Levine and Payan (1966) had reported that the Mongolian gerbil was susceptible to cerebral in farction following common carotid artery ligation, some investigators have reported that the younger gerbils were more tolerant of carotid occlusion than the older animals. For example, Levine and Sohn (1969) reported that following unilateral carotid li gation, no cerebral infarction was found in 4-to 8day-old gerbils, and Payan and Conard (1977) also demonstrated that infant gerbils were resistant to cerebral infarction after unilateral carotid occlu sion. In addition, Jarrott and Domer (1980) recently described how a lower mortality rate was obtained in younger gerbils following transient bilateral ca rotid arterial occlusion. These findings indicated that the incidence of cerebral ischemia following carotid artery ligation or occlusion was influenced by the age of the gerbils used. It should be noted, however, that these reports showed no clear explanation for the hyposensitivity of the younger gerbils to cere bral ischemia.
Since the gerbil has been used extensively in the study of cerebral ischemia (Osburne and Halsey, 1975; McGraw et aI., 1976; Crockard et aI., 1980; Hosobuchi and Baskin, 1982) , it was important to answer the question: Why are infant gerbils more resistant than adults to cerebral infarction after ca rotid ligation? As an answer, we simply postulated that there might be a more highly developed net work of collateral vessels between the vertebro basilar and carotid arterial systems in these younger animals. In the present study, we evaluated cerebral area perfused after bilateral common carotid occlu sion in infant, young, and adult gerbils, using the carbon black in vivo perfusion method to justify this supposition. We injected carbon black directly into the left ventricle by cardiac puncture through the closed thorax, and this enabled us to perform carbon black in vivo perfusion in such a small animal as the infant gerbil with no difficulty. This procedure was performed at least 20 min after the i. p. injection of ketamine to avoid the disadvantages of this anes thetic, specifically its cardiovascular stimulatory ef fects (White et aI., 1982) .
Our results (Table 2) reconfirmed the lack of a significant posterior communicating artery in the adult gerbil (Donadio et aI. , 1982) . The same result grade 3, dark. Offive infant gerbils that showed moderate to dark staining of the cerebral cortex, hippocampus, and striatum, two showed patchy non-staining areas in the unilateral cerebral cortex, hippocampus, and striatum. (no staining of the telencephalon) was obtained in young gerbils, suggesting that there was also no suf ficient collateral blood circulation between the ver tebrobasilar and carotid arterial systems in young animals. On the contrary, carbon black staining of the whole brain was observed in more than half of infant gerbils, despite bilateral carotid occlusion, though there were some variations in the degree and the size of staining (Table 2 ; Figs. 1 and 2) . This might account for the failure of infant gerbils with unilateral or bilateral carotid occlusion to develop stroke, because the brain regions stained with carbon black could not be completely ischemic. As for the young gerbils, which were also reported to be more resistant to cerebral ischemia after common carotid occlusion, we could not detect any differences from the adult animals in the cerebral circulatory state.
The possibility, then, cannot be wholly excluded that the other mechanisms, such as greater tissue resistance to hypoxia or ischemia, might also cause younger gerbils to be more resistant to cerebral in farction after carotid occlusion.
In recent years, some workers used younger ger bils to study the pathophysiology of cerebral isch emia, though the existence and significance of col lateral communications between the vertebrobasilar and carotid arterial systems remained ill defined. In the present experiment, it is suggested that infant gerbils might have a more highly developed network of collateral blood vessels between the vertebro basilar and carotid circulations, and the existence of such a significant network might be the basis for the resistance of infant gerbils to cerebral infarction following common carotid ligation or occlusion.
Thus, the age of the animals must be taken into account in studies of pathophysiology of cerebral ischemia when using the Mongolian gerbil as a stroke model. We have also demonstrated that the gerbil can be a suitable model for stroke research when it is 5 weeks old or older.
